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No evaluation of indoor air quality and its impact on health can be complete without considering
the effects of the widespread of fragrance in multiple products used on a daily basis in homes,
workspaces, and other public places. The ubiquitous exposure to poorly studied fragrance
chemicals has resulted in escalating voluntary and involuntary exposures to unknown substances
which contrary to public assumption, have not been evaluated by regulatory agencies for safety
to the general public, children, the elderly, and other sensitive populations.

Exposure starts before birth from fragrance chemicals in mothers’ bodies (1) and continues with
ingestion of mother’s milk. (2) Products for infants and children are scented often with materials
known to cause allergies (3) and persist in body tissues. Children and infants are also exposed to
every scented product used in the household. An infant held close is breathing in fragrance from
clothes washed in highly scented detergents and laundry products, perfumes and colognes,
shampoo, and other scented products used by the caregiver transferring to the child’s skin, hair,
and clothes. Exposure continues throughout life.

Users of scented products are often not aware of the continued presence of the products they use
and are rarely aware of the intensity of the scents. By design, the olfactory system detects
changes in chemicals in the environment and cannot detect the same odor for long periods of
time. The background of fragrance materials that are ubiquitous in indoor environments leads to
increased usage of scented products by consumers to keep the same level of awareness of



fragrance and to companies formulating products with even more enduring and intense
fragrance.

Fragrance can be defined as materials added to impart an odor to a product or mask the
odor of other ingredients in the product. Fragrance materials may be natural, synthetic, or
combinations. Scented products are those that contain fragrance.

Annual Sales of Common Scented Products
Type of scented product             Annual Sales
Cosmetics & toiletries   $29.8 billion
Perfumes, colognes, & similar
products

>$ 6.65 billion

Laundry detergents & fabric
softeners

  $  6 billion

Environmental Fragrance
(Fragrance emitting devices,
scented candles, incense, oils,
plug-ins, etc.)

> $  3 billion

Household cleaners    $  1.7 billion

The use and exposure to fragrance has increased phenomenally. With synthesis of fragrance
chemicals supplies of raw materials became reliable and economical. Some 80-90% of fragrance
materials are now synthesized. (4) Use of fragrance has increased ten-fold since the 1950s and
the industry doubled in size during the 1980s. (5) Literally millions of pounds of fragrance
chemicals are used annually to scent products most do not have even basic toxicity data
available. Of 54 fragrance materials that are used at 1 million pounds or more annually only 2
have a full set of basic toxicity data. (6)  This basic toxicity data does not include assessment for
effects via inhalation.

Composition, use, and characteristics of fragrance have changed in the past 25 years. Fragrance
has gone from subtle, special occasion use to potent, immediately powerful and long-lasting
formulations not only in perfumes, but also in toiletries, cleaners, detergents, fabric softeners,
and other products. Traditionally the scent of a good perfume lasted 6-8 hours. Now the scent
from laundry products lasts for weeks, if not months. Three to five synthetics which are
immediately powerful, quickly diffuse into the air, and have odors which may last for weeks may
make up to 80% of the formulation. (7)

Widespread usage and exposure has lead to health concerns. There are growing numbers of
people that experience significant negative heath effects from fragrance including those with
migraines, allergies, sinusitis, rhinitis, asthma and other pulmonary diseases. Collectively this
represents large numbers of people that are especially sensitive to indoor air pollutants.



Health conditions that may be negatively impacted by indoor pollutants including
fragrances

Disease or Condition Estimates of Those Affected
Allergies & Related Conditions 40 - 50 million
Skin allergies to fragrance 1.7 - 4.1%
Rhinitis 40 million
Chronic Sinus Infections 35 million
Asthma Over  20.3 million
Chemical Sensitivities 6 - 16%
Chronic Obstructive Lung Disease 15 million
Migraines 28 million

In spite of the ubiquitous exposure, there is little regulation or monitoring of the use of fragrance
or the materials that are in them. Fragrance formulas are considered trade secrets and do not have
to be revealed to the public or regulatory agencies. Regulation is fragmented, there are few laws
in place, and these are rarely enforced. By all accounts the fragrance industry is primarily self-
regulated with little oversight.

As early as 1977, the fragrance industry was aware inhalation was a potential route of exposure.
A doctoral dissertation by William Troy, now one of the lead scientists in the fragrance industry
described inhalation studies on 14 common fragrance materials. Mice were exposed to these
materials for one minute and were observed for changes in breathing patterns which indicate
irritancy to the airways and lungs. Ten of the 14 materials were moderately to severely irritating
to the upper airways and 1 material caused pulmonary irritation. Troy concluded this was an
effective means of evaluating fragrance chemicals for sensory and pulmonary irritation, structure
played a role in irritancy, and further efforts should be made to evaluate fragrance materials for
respiratory effects. (8)

In spite of this recommendation, the industry has only recently put a program to evaluate
inhalation effects. (9) This program is extremely limited and involves representative product
types and formulas. While the average fragrance formulation contains 100 chemicals, these
representative formulas only contain 9 of the approximate 3000 fragrance chemicals in use.
While the industry insists scented products are safe, the truth is much is not known about the
safety of fragrance materials. As research becomes available, it supports concerns.

A recent study suggests that even short term exposures to common synthetic musk compounds
affected the ability of aquatic wildlife to protect itself from environmental toxins. (10) There has
been a growing focus on synthetic musk compounds which are used in all types of scented
products. While levels of synthetic musks in any one product are generally low, the widespread
use and lipholic nature has resulted in presence in breast milk in general populations and
bioaccumulation in human tissue and in the environment.(11) Available data indicates acute
toxicity of these materials are low, (12, 13) but concerns have been raised regarding persistency
and long term effects. Some of these materials and their breakdown products have estrogenic
activity. (14, 15) Musk xylene has a particular affinity for adult female tissue and crosses the



placental barrier in animals. (16) Others have carcinogenic activity in animal studies. (17) While
synthetic musks are not considered high volume chemicals, they are ubiquitous in indoor
environments. (18)

While the research is limited, the available data supports concerns and need for further research.
Some key findings.

 In order to be detected by the olfactory system, materials must be volatile and of low
molecular weight, by design fragrance chemicals are volatile organic compounds (19)

 Fragrance chemicals react with ozone to form small particles and toxic substances (20)
 Burning scented candles can add small particles, toxic substances, and soot to indoor air (21,

22)
 Around 70% of fragrance chemicals are sensory irritants to some degree (23)
 In a survey of the general population, 15% found fragrance to be a lower airway irritant (24)
 Fragrance is one of the most frequently cited chemicals triggers for asthma (second only to

tobacco smoke) (25)
 The Institute of Medicine found similar levels of evidence for tobacco smoke (in adults and

school age children), fragrance, and formaldehyde as chemical triggers for asthma
Executive Summary: Clearing the Air: Asthma and Indoor Air Exposures (2000) Institute of
Medicine,
http://books.nap.edu/books/0309064961/html/9.html#pagetop

 Even low-level exposures such as those in scent strips in magazines can trigger asthma
attacks with moderate and severe asthmatics the most susceptible. (26)

 In a large study of migraine patients, almost 50% were triggered by perfume (27)

The fragrance issue is complex and there is limited awareness in the general population or the
medical and scientific communities. There are increasing patient and clinical accounts of
exposure to fragrance triggering and exacerbating a number of health conditions. Thus far,
industry has not adequately addressed concerns regarding the impact of multiple sources of
fragrance on indoor air quality and health.

There is an immediate need for regulatory agencies to educate on the impact of scented
consumer products on sensitive populations.  Research is needed to determine mechanisms by
which fragrance negatively impacts respiratory health. There is a need for a cooperative process
with industry to determine problematic materials and find suitable substitutes.

Thank you for your consideration of these comments,

Betty Bridges, RN
Fragranced Products Information Network
http://www.fpinva.org
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ABSTRACT

Though fragrance is generally considered pleasant, the numbers of complaints related adverse
effects of fragrance have increased. Fragrance is frequently cited as triggering and exacerbating
health conditions such as asthma, allergies, and migraine headaches. Chemicals used in fragrance
are volatile compounds that can irritate the respiratory system.

The fragrance and flavors industry has increased more than tenfold since the early 1950s. The
industry experienced its fastest growth and doubled in size form 1980 to1989. This growth has
resulted in exposure to virtually every segment of the population, both through use and second-
hand exposures. In spite of widespread exposure, there has been little focus on the impact of
scented products on indoor air quality and health.

Information was gathered by looking at both types and specific chemicals used in fragrance,
assessing available use data, and reviewing scientific, medical, industry, and regulatory
literature. There is high potential for exposure to several hundred chemicals used in fragrance
due to their high volume use and/or high use in consumer products. These materials are volatile
organic compounds and can contribute to indoor air pollution. Presence of synthetic musk
compounds in blood, adipose tissue, and human breast milk indicates significant exposure to
these materials. Studies suggest that synthetic musk compounds cross the placental barrier.
Concerns have been raised over potential impact on reproductive health, the developing fetus,
and nursing infants.

One of the major areas of concern is impact on respiratory health. Fragrance is one of the most
frequently cited triggers for asthma. An EPA-sponsored literature review by the Institute of
Medicine identified fragrance, along with environmental tobacco smoke and formaldehyde as
chemical triggers for asthma. The increase in use of fragrance has paralleled the increase in
asthma rates. Hispanics and African-Americans are more heavily impacted by asthma. These
same population groups are also more likely to use fragrance. These and other factors support
further investigations into the impact of fragrance on indoor air quality and on health.

INTRODUCTION

Indoor air quality has both immediate and long-term impact on health. Acute effects of poor air
quality include headaches, irritation of eyes, nose, and throat, fatigue, as well as exacerbation of
conditions such as asthma, allergies, and other respiratory related disorders. Long-term exposure
to indoor air pollutants is thought to contribute to the development of asthma, cancer, and other
chronic disease.

There has been considerable focus on indoor air pollutants such as second hand smoke, while
other common indoor air pollutants have received scant attention. Consumer products which are
generally used indoors represent significant exposures to indoor air pollutants. A large
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percentage of these products are scented. Fragrance is a common indoor air pollutant present in
most environments, yet has received little scrutiny of its effects on health.

Products such as perfumes and colognes are obviously scented products and represent a
significant exposure to fragrance. However, products such as scented toiletries, cleaners, laundry
products, environmental fragrance and other such items represent even greater sources of
exposure. Pesticides and tobacco products are often overlooked as scented products.

Even foods are a source or exposure to these materials. Many of the same materials used to scent
products are used as flavors in foods. Slightly less than half of the aroma chemicals and other
materials used by the fragrance and flavors industry are used as flavors. Slightly more than half
are used as fragrance. Around 25% of raw fragrance materials produced is used to scent
cosmetics and toiletries which include perfumes and colognes, 34% are used to scent cleaners,
and 41% are used in other applications.i The primary focus of this review is fragrance use.

For the purpose of this review the following definition of fragrance will be used.

Materials added to give a product a scent or mask the odor of other substances in a
product. Materials used may be synthetic, natural, or both. A scented product is one
which contains fragrance.

Traditionally perfumes have been reserved for special occasion use. Functional products such as
soaps and detergents often contained scent at low levels to mask unpleasant odors of other
ingredients in the product. These masking fragrances usually had a generic scent with all brands
smelling pretty much the same. This has changed.

Now each product is uniquely scented and the fragrance is formulated to last for days, if not
weeks. Whole advertising campaigns focus on the scent of the product rather than its
performance. Fragrance is added to every conceivable household and personal care item.
Environmental fragrance in the form of scented candles, scented oils, and air fresheners are
found in many homes.

The use and exposure to scented products have skyrocketed over the past three decades. The use
of fragrance has increased 10 fold since the 1950s. The industry doubled its size in the 1980s.ii
This growth is reflected in sales of materials used to scent products. In 2000 the estimated world
wide sales of fragrance/flavors materials were $14 billion, with the United States as the largest
consumer of these materials.iii

This phenomenal growth translates into widespread exposure to scented products in the indoor
environment. In order for a scent to be detected, materials must be airborne. By design fragrance
quickly gets into the air, diffuse, and lingers.iv  Some of each scented product used by each
person ends up in the air. Add sources of environmental fragrance such as air fresheners and
materials used to clean and maintain, and there are ever changing complex mixtures of volatile
compounds which add significantly to indoor air pollution.
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There are established and emerging health and environmental concerns related to fragrance. In
general there is a large void in available data. What is available is widely scattered and rarely
viewed as a whole. The industry is secretive with little regulatory oversight. Complex social and
economic factors further complicate the issues. A through evaluation of the impact of fragrance
on indoor air quality, health, and the environment is long overdue.

METHODS

Multiple sources must be used to provide an overview of the issues. Even then, much of the data
available is general rather than specific as the research in many areas simply has not been done
or has not been published.  Searches must be intuitive with one source leading to another.

The Internet proved to be a most valuable resource. There is a growing availability of
information from regulatory agencies, universities, research institutes, industry, and other
sources available online. Even libraries are now accessible online so that catalogs, databases, and
other resources can be assessed. Many full text articles from databases can be obtained as well.

Search terms used included but were not limited to:

• perfume OR fragrance OR perfumes OR fragrances OR scented OR scents
• Original Search Phrase AND asthma
• Original Search Phrase AND respiratory
• Original Search Phrase AND lungs
• Original Search Phrase AND inhalation
• Original Search Phrase AND airway
• Original Search Phrase AND sinusitis
• Original Search Phrase AND rhinitis
• Terms that relate to synthetic musks
• Essential oils
• Names of individual fragrance chemicals

Resources searched included, but were not limited to the following:

• Medline
• Toxnet
• Other governmental databases
• Environmental Protection Agency web pages
• Food and Drug Administration web pages
• Center for Disease Control web pages
• American Lung Association web pages
• Virginia Commonwealth University Libraries (both online and physical locations)
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• Google Internet Search Engine and the resulting links
• Chemweb web pages (includes a number of searchable databases related to business and

chemistry)
• Chemfinder web pages (indexes sites on chemicals that are available online)
• International Fragrance Association web pages
• Allured Online Flavors and Fragrance Materials Database
• European Union web pages
• Leffingwell & Associates web pages (an extensive site with numerous resources and

links on the fragrance and flavors industry)
• Fragrance and flavors companies' web pages
• Aldrich Chemical Company web pages ( a large number of MSDS on fragrance chemicals are available)
• US Patent Office web pages

RESULTS & DISCUSSION

Fragrance Materials & Assessment of Available Data

Historically, materials used in fragrance were obtained from plant or animal sources. Today,
materials from animal sources are rarely used in perfumes or scented products which are mass
marketed. Oils from plants are still used, but have been largely replaced with synthetics for
which the supply is more stable and more economically feasible to use. Around 80-90% of the
materials used are synthesized.v

The nine major starting materials for synthesis of fragrance chemicals are:
• Turpentine oil
• C2-C5 petrochemicals
• Benzene
• Phenol
• Toluene
• Xylenes
• Cresols
• Naphthalene
• Cyclopentene

While there is considerable health and safety data on the starting materials, the available data on
most fragrance chemicals is scant. In order to assess available information on materials used in
fragrance, the identity of these materials must be established. There are over 3000 materials in
common use by the fragrance industry. The European Union has a listing of around 2700
materials used in fragrance.vi Allured Publishing has an online database for fee that lists over
4000 materials used in flavors and fragrance.vii There is considerable overlap between the lists. A
master list of around 5000 substances was compiled from these sources. Materials such as
aspartame that are not used as fragrance ingredients were omitted.
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The EPA, while not regulating fragrance per se, has interests in fragrance as an environmental
pollutant. Further the EPA is involved in regulatory activities regarding chemicals, including
those used in fragrance. One of those activities is collecting use data on chemicals. Under the
Toxic Substance Control Act, companies are required to report every four years volumes of use
on specific chemicals when they are manufactured or imported into the US at volumes of 10,000
or more annually.

Chemicals that are manufactured or imported into the US at levels of 1 million pounds or more
annually are known as High Production Volume (HPV) chemicals. There were around 3000
substances that met the criteria for HPV chemicals in 1990. These were assessed for toxicity data
in six basic areas. Of these materials 43% have no basic toxicity data available. Only 7% have a
full set of basic data. viii

The 1990, 1994, and 1998 HPV lists were cross-referenced with the master list of fragrance
chemicals. Using the EPA's Master Summary for the Chemical Hazard Data Availability, the
availability of basic toxicity data in six basic toxicity areas chemicals was assessed. Four
hundred seven chemicals were found.

Areas of Assessment of Chemical Hazard Data
• Acute toxicity - immediate toxic effects
• Chronic toxicity - long term toxic effects
• Teratogenicity or developmental and reproductive toxicity - impact on reproduction

and/or developing fetus
• Mutagenicity - does it cause direct damage to DNA in cells
• Ecotoxicity - is it toxic to the environment
• Environmental fate - is it broken down or does it accumulate in the environment

Data was only available for the 351 chemicals that are on the 1990 HPV list. Of these 351
chemicals, 63 are a part of an effort the EPA is involved in to develop basic toxicity data on
materials that are internationally HPV.

Less than 18% of the materials have all the sets of basic toxicity data and more than 10% have
none. Over 45% are missing three or more sets of data. Less than 23% have been assessed for
chronic toxicity and reproductive data is missing on over half of the materials. About 50% of
these materials have potential for high exposure in consumer products.

Tables 1 and 2 summarize the findings.

Table 1: Summary of available data for HPV flavor/fragrance materials
Total number of areas data are available
          6 of six 62 17.6%
          5 of six 70 19.9%
          4 of six 59 16.8%
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          3 of six 49 13.9%
          2 of six 48 13.6%
         1 of six 27 7.7%
         0 of six 36 10.2%

Table 2: Specific areas data are available for HPV flavor/fragrance chemicals
Acute 300 85.4%
Chronic 79 22.5%
Reproductive 166 47.2%
Mutagen 222 63.2%
Eco 221 62.9%
Fate 230 65.5%

The EPA has asked industry to provide toxicity data in the six basic areas. The fragrance
industry has volunteered to provide toxicity data on 66 materials.  This indicates either primary
usage or high volume usage in fragrance or flavors. Fifty-four of these materials are on the 1990
HPV list and have been assessed for available data. The available data on HPV flavors/fragrance
materials which has been sponsored is summarized in the tables below.

Clearly there is less data publicly available on materials that are primarily used by the fragrance
and flavors industries. Only 2 have available data in all six areas and a third has no data
available. Over 72% are missing three or more sets of data. Only two materials have chronic
toxicity data and over 70% are missing reproductive data. Tables 3 and 4 summarize the
findings.

Table 3: Summary of available data for industry sponsored
 HPV flavor/fragrance materials

6 of six 2 3.7%
5 of six 3 5.5%
4 of six 10 18.5%
3 of six 8 14.8%
2 of six 10 18.5%
1 of six 3 5.5%
0 of six 18 33.3%

Table 4: Specific areas data are available for industry sponsored
HPV flavor/fragrance chemicals

Acute 36 68.5%
Chronic 2 3.7%
Reproductive 16 29.6%
Mutagen 23 42.6%
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Eco 21 38.9%
Fate 20 37%

Exposures

The vast majority of people in this country use scented products of one type or another. Most use
or are exposed to numerous sources of fragrance on a continual basis. Products such as
shampoos, soaps, lotions, hair sprays, makeup, and other cosmetics and toiletries usually have
fragrance added either to impart a scent to product or to mask the odor of other ingredients.
Perfumes and colognes are products marketed for their scent. Worldwide sales in the personal
care industry are around $122 billion annually.ix US sales are around $29 billion annually.x Sales
of perfumes and colognes alone were over $5 billion in the US. xi Per capita spending in the US
on perfumes and colognes is around $21 per year.xii Household cleaning products had sales of
$2.4 billion in 2001.xiii Sales of laundry products topped $8 billion.xiv Sales of home fragrances
are over $2 billion annually with sales of candles making up over $900 million of the total.xv

In addition to personal care, household cleaning, and maintenance items, there is considerable
use of fragrance in other consumer products.  Trash bags now come in scented versions. Products
to clean and maintain appearance on automobiles are also scented. A scented car wash is now an
option in many self-service car washes. Scent is added to plastic flower pots. Paints and
pesticides often contain fragrance to mask odors of other ingredients in the products. Tobacco
products such as cigarettes contain flavors/fragrance chemicals to enhance the flavor, especially
lower tar and nicotine brands.xvi Fragrance is used in pesticides to cover the odor and make the
products more acceptable to consumers. Just about anything imagined may contain fragrance.

There is also use of fragrance in industrial and commercial products. Most disinfectants and
cleaners contain fragrance. Even materials such as metal cutting fluids may contain fragrance.
Fragrance may also be added as an odorant to products that are toxic and have low odor in order
to give an olfactory warning of exposure.

The National Human Activity Pattern Survey (NHAPS) collected data on human exposures to
common pollutants. According to the NHAPS Reports 63% of the 4723 participants used air
fresheners in their homes, 47% used perfumes, colognes, aftershave, or other type of fragrance,
and 43.7% used toilet bowl deodorizers. Use of scented products varied among ethnic groups.
Black and Hispanics were more likely to use scented products, while those of Asian decent were
less likely to use such products. This supports industry demographics of ethnic use of
fragrance.xvii

Studies suggest there is exposure even before birth. Synthetic musk compounds cross the
placental barrier in animal studies.xviii These materials bioaccumulate in human tissue and are
found in breast milk.xix The long term implications are not known.

Impact on Air Quality
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Materials used in fragrance are volatile organic compounds (VOCs) and contribute to air
pollution. There are literally millions of pounds of fragrance chemicals used in the US each year.
Much of these chemicals end up in the air. VOCs are also a concern as they play a role in
formation of smog. A Norwegian study found measurable levels of synthetic musk compounds in
outdoor air, even in remote areas.xx Most scented products are used inside and the impact on
outdoor air is usually via dryer vents and exchange of inside air to the outside.

Though there is some impact on outdoor air, there is a larger impact on indoor air. Many of the
materials in fragrance are air, heat, and light sensitive. Once in the air they may break down. At
times the breakdown products are more harmful than the parent compound.xxi Further as
materials mix in the air, new compounds may be formed. Fragrance contributes to the every
changing mixture of VOCs in indoor air.

Terpenes are common materials used in scented products. Oxidation of common terpenes forms
strong respiratory irritants.xxii It has been shown that in the presence of ozone at levels present in
indoor air, common terpenes such as limonene react with ozone to form small particles.xxiii In
addition, many fragrance chemicals are trigeminal or sensory irritants. Around 70% of fragrance
chemicals are trigeminal irritants to one degree or another.xxiv This accounts for reports of areas
of eye, nose, and throat irritation from fragrance chemicals.

Candles, incense, scented oils, fragrance emitting devices, and other products designed to scent
the air are very popular. These products are a source of indoor air pollution. Any candle or
incense will emit products of combustion as it is burned. The less cleanly it burns, the more soot
and other small particles are produced. Candles that are heavily scented tend to burn less clean
and produce more pollutants. Emissions from candles and incense include acrolein,
formaldehyde, acetaldehyde, benzene and particulate matter.xxv

Health Concerns

There is little general awareness even within the health care community as to the concerns
related to fragrance except for effects on the skin. This lack of awareness is in part a reflection of
the lack of information available in medical literature. The impact of fragrance on health is an
emerging health topic. As with all emerging concerns, research lags far behind clinical and
patient accounts.

Skin

The skin was long thought to be the primary route of exposure to scented products. Most of the
focus of safety assessment has related to skin exposures and absorption. The vast majority of
medical literature on fragrance relates to skin effects. Only what pertains to exposures via air will
be addressed in this review. Materials used in fragrance are known to absorb through the skin
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and act as sensitizers and irritants. Those severely allergic to fragrance may develop symptoms
from fragrance in the air without having to come in direct contact. Airborne contact dermatitis is
well documented in medical literature.xxvi Further inhalation of fragrance chemicals can alter the
immune response of the skin. Contact with the skin does not have the same effects.xxvii

It is now known skin is not the only route of exposure. Materials used in scented products may
also enter and/or impact the body through respiratory pathways, olfactory and intranasal
pathways, trigeminal nerves and via ingestion. No matter the route of exposure, once in the body,
materials can potentially impact any body tissue, organ, or system.

Respiratory

Air passing through the airways and into the lungs exposes this pathway to whatever materials
are in the air. Further the lungs provide a very efficient transport of materials from the air into
the blood stream. There has been relatively little examination of the respiratory route as an
exposure to fragrance materials. As early as the 1977 it was recognized by the fragrance industry
that the respiratory system was a potential route of exposure to fragrance chemicals.xxviii

A 1977 study, conducted as partial fulfillment of earning a doctorate degree evaluated 14
common fragrance materials for their potential to cause sensory and pulmonary irritation.xxix

Decreased respiratory rate was the criteria for sensory irritation and increased respiratory rate
was the criteria for pulmonary irritation. Materials that cause both sensory and pulmonary were
considered respiratory irritants.

Mice inhaled the materials at three different levels to determine sensory irritation. Exposures
were for one minute at each level. One material was found to produce no sensory irritation, 3
caused only slight effects, 6 caused mild to moderate effects, and 4 caused marked effects.

The eight materials causing mild to marked effects were further evaluated to determine
pulmonary irritancy. Pairs of mice were exposed to the materials, one via nasal inhalation and
one via a tracheal cannula. One material isojasmone caused both a decrease in respiratory rate
via nasal inhalation and an increase in respiratory rate via tracheal cannula indicating it is a
pulmonary irritant. This material is irritating to both the upper and lower airways.

Subchronic aerosol studies were done in the late 1970s and the early 1980s on fragrance
formulations.xxx A composite of these studies was published in 1999 and concluded these studies
supported the conclusions that fragrance mixtures would not pose a hazard based on repeated and
exaggerated exposures to animals. The formulations tested are no longer in use, though materials
used still are in use.

A review of the literature on 1-(1,2,3,4,5,6,7,8-Octahydro-2,3,8,8-tetramethyl-2-
naphthalenyl)ethanone commonly known as Iso E Super stated exposure to the general
population is via inhalation, the skin from use, and ingestion from contamination of water or
food.xxxi
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There are no published industry studies that examine the impact on human airways and
respiratory system from inhalation of scented products. There is no commercial testing available
to determine if fragrance chemicals are respiratory allergens. The industry acknowledges scented
products can act as irritants triggering and exacerbating asthma and allergies.xxxii The industry
recommends courtesy in cases where asthma is triggered by scented products. In addition
industry recommendations state, "We recommend a personal "scent circle" guide: no one should
be aware of your fragrance unless he or she steps inside your circle - approximately an arms
length from your body."

Unfortunately it is impossible to keep airborne substances within a "scent circle". Further many
raw fragrance materials are developed to rapidly disperse in the air and linger. High impact
scented products have been the trend since the mid-1980s.xxxiii

Perfumes and scented products are frequently cited as triggers for asthma by patients. The
Institute of Medicine reviewed the literature on the impact of indoor air pollutants on asthma.
Fragrance was placed in the same category as tobacco smoke and formaldehyde in triggering
asthma in adults and school age children.xxxiv Virtually all organizations and agencies that deal
with respiratory health list perfumes, fragrance, or strongly scented products as triggers for
asthmaxxxv, xxxvi In spite of frequent clinical and patient accounts of fragrance impacting
respiratory health, there has been relatively little focus on how or why fragrance is problematic.

In a Swedish study, 16% of the general population reported perfume to be a lower airway
irritantxxxvii and forty percent of asthmatics reported strong odors which included perfumes as
triggers for asthma.xxxviii  MSDS information often class materials used in fragrance as respiratory
irritants.xxxix

Hairspray was found to be a trigger for asthma and thought to be due to the perfume.xl

In a survey of asthmatics, 72% cited perfumes and colognes as a trigger.xli A review of clinical
forms of allergy to fragrance included asthma.xlii Tobacco smoke and perfumes are among the
most common triggers for asthma.xliii A Tulane study of patients that cited fragrance as a trigger
for their asthma found that popular perfumes were triggers for asthma.xliv

While perfumes are well recognized as triggers for asthma, there is much less information
available regarding its potential to cause asthma. Environmental factors associated with
development of asthma in children include living near a perfume factorxlv and use of perfume in
the home.xlvi A woman who demonstrated perfumes in her job developed occupational asthma
due to perfumes.xlvii Those working in the perfume industry have a higher incidence of
asthma.xlviii A health care worker sprayed in the face with perfume experienced an anaphylactic
reaction and developed respiratory sensitivity to perfumes.xlix

Odor is a complicating factor in evaluating responses to fragrance. It is often difficult to evaluate
what role odor may have in triggering respiratory responses. Nose clips were used to block
olfactory pathways and participants were exposed to perfume. Even when odor was not a factor,
perfumes still triggered respiratory responsesl, li Involvement of sensory pathways could not be
ruled out.
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While fragrance materials are recognized as respiratory irritants, there have been no published
studies conducted to determine if specific fragrance materials may be respiratory sensitizers.
Generally fragrances do not contain proteins that would cause classic allergic reactions.
However, they do contain low molecular weight materials that may bind with body proteins. In
skin allergies, these materials are thought to act as a hapten binding with body proteins to form
allergens.lii  Once sensitized to a particular substance, even very low exposures may trigger
symptoms. Continued exposure can cause sensitivity to lower and lower levels.

There are no commercially available tests to determine if fragrance materials may cause
respiratory sensitization in a similar manner as skin allergies. Other low molecular weight
substances such as isocyanates can cause both skin and respiratory sensitization. liii, liv There is
suggestive evidence that skin exposures can play a role in respiratory sensitization and
respiratory exposures may play a role in skin sensitization.

Common fragrance materials such as terpenes have been found to disrupt the normal protective
mechanisms of skin tissue and allow penetration of substance that would not normally enter the
body through the skin.lv  No studies have been done to determine if these materials may impact
the respiratory system in a similar manner.

Specific studies are not available on why scented products may cause, trigger, or exacerbate
respiratory conditions. Evidence suggests several mechanisms may be involved and fragrance
materials may act as:

• Respiratory irritants
• Sensory irritants
• Allergens or sensitizers
• Disruptors of tissues' normal protective mechanisms

Neurological

Olfactory pathways have a direct connection to the brain. Odors are known to have both
psychological and physical effects via the nervous system. It is also know that toxic materials
can reach the nervous system through olfactory pathways. However, this route of exposure is
generally thought to be slow. Research indicates there are other pathways from the nasal cavity
to the brain.

"The olfactory neural pathways provide both intraneuronal and extraneuronal
pathways to the brain. The intraneuronal pathway involves axonal transport and
requires hours to days for drugs to reach different brain areas. The extraneuronal
pathway probably relies on bulk flow transport through perineural channels which
deliver drug directly to the brain parenchymal tissue, to the cerebrospinal fluid
(CFS), or to both. This extraneuronal pathway allows therapeutic agents to reach
the CNS within minutes." (Frey, W, Intranasal Delivery: Bypassing the Blood-Brain Barrier to
Deliver Therapeutic Agents to the Brain and Spinal Cord. Drug Delivery Technology. 2002 Jul/Aug. 2
(5) 46-49)
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Materials that are of small molecular weight and high fat solubility are more easily transported
via these pathways. These same properties are necessary for olfaction. Fragrance chemicals are
of low molecular weight and have high fat solubility.

Materials used in scented products can impact the nervous system. Solvents and other materials
used have known neurological effects. (AETT) was a raw fragrance material put into use in the
1950s. It was found to have serious neurological effects. It caused skin and organs to turn a
bluish color and especially targeted the nervous system. It was found to readily absorb through
the skin.lvi  The material caused permanent nerve damage. It was voluntarily withdrawn from use
in 1978. Musk ambrette was put into use in the 1920s. It was found to be phototoxic, an allergen,
cause atrophy of testicles in lab animals, and have neurotoxic effects. It was voluntarily
withdrawn from use in direct skin contact products in 1985. It was still found in products in
testing by the FDA in 1991.lvii

Other than studies specifically on AETT, there is only one other published industry study
assessing the neurotoxic potential of fragrance chemicals.lviii  The industry does not routinely
scrutinize fragrance materials for neurological effects. Scented products are routinely marketed
with claims of relaxation or altering mood.  Though the effects are said to be psychologicallix,
research indicates it is likely these materials have pharmaceutical effects.

Hyperactivity in mice was induced by administering caffeine. Inhaling lavender oil decreased
motility to near normal levels.lx In other experiments, linalool and linalyl acetate were
administered to mice via inhalation. Motility was decreased by 30-40%.lxi Other research
suggests that fragrance chemicals may act on the same receptors in the brain as alcohol and
tobacco.lxii

Inhalation of fragrance chemicals affected autonomic nervous system parameters such as blood
pressure and pulse as well as mood.lxiii Different enanitiomers or structural orientations of the
same chemicals impacted the pharmacological and psychological effects. Inhalation of (+)
limonene led to increases systolic blood pressure and subjective increased alertness and
restlessness. Inhalation of (-) limonene led to increased systolic blood pressure but had no effects
subjective assessment of mood. Inhalation of (-) carvone caused increases in diastolic blood
pressure, pulse, and subjective restlessness. Inhalation of (+) carvone caused increases in both
systolic and diastolic blood pressure. This work suggests there both pharmacological and
psychological effects of fragrance chemicals.

Other inhalation studies support physiological effects of fragrance as well. Blood flow to the
brain was increased when 1-8 cineole was inhaled.lxiv Linalool was reported to have
anticonvulsive effects.lxv  Inhalation of essential oils modulates sympathetic activity causing
changes in plasma levels of adrenalin.lxvi

Neurological effects of scented products are not necessarily undesirable. There has been a long
history of using essential oils and other fragrant materials for medicinal purposes. Materials such
as lavender have been used for relaxing effects. Use of essential oils is a part of alternative
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medicine modalities such as massage. However, as with any other treatment method, it should be
specific to the individual and what is helpful to one, may be harmful to another. Dosing
everyone, especially without their knowledge or permission is unacceptable.

The majority of fragrance chemicals are sensory irritants which can cause burning of the eyes,
nose, and throat. There is increasing evidence that there is a neurological component to asthma
which can be triggered by sensory irritants. Scented products can clearly impact the nervous
system. To what extent fragrance chemicals may be neurotoxins is really not known as there is
not routine assessment of neurological effects.

Reproductive

Nitromusks have been in use since the early 1900s. They are found in blood, fat tissue, and
breast milk of the general populationlxvii and in the environment.lxviii In Europe they are being
phased out because of health and environmental concerns. Nitromusks are still widely used in the
US.

In animal studies of musk xylene there was significant transplacental passage and exposure via
mother's milk. Levels in adult females were 3.5 - 6.8% higher than that in males. This difference
was unrelated to fat and was not present in offspring.13 In a study of women with gynecological
problems there was an association between levels of nitromusks and clinical parameters.lxix

Polycyclic musks were developed in the 1950s. Because of concerns related to nitromusks, they
have often been used as replacements. With usage, it has been found that polycyclic musks also
bioaccumulate in human tissue and the environment. There are health concerns related to these
compounds as well.

Macrocyclic musks may be either synthetic or natural. Natural musks are rarely used because of
expense and animal cruelty concerns. Synthetic macrocyclic musks are more biodegradeable
than other synthetic musks, but are also more expensive than nitromusks and polycyclic musks.
Muscone, a natural musk, was found to be weakly estrogenic.73

In general, the toxicology of synthetic musk compounds has not been fully explored, especially
in relationship to reproductive effects. It has been known since the early 1980s these materials
are present in the environment.lxx  The presence of these substances was discovered in breast
milk in the early 1990s.lxxi

Citral, a material that is common in both flavors and fragrance has been found in animal studies
to cause enlargement of the prostate gland,lxxii neural changes in pelvic area of older male
animals, lxxiii and to have estrogenic effects.lxxiv Musk ambrette, a material voluntarily withdrawn
from use by the industry, caused atrophy of the testicles in male lab animals.lxxv In a recent study
there was an association between diethyl phthalate, which is a common solvent in scented
products, and sperm damage in human males.lxxvi

Carcinogenic aspects
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Screening for carcinogenic activity is not a routine part of safety assessment of raw fragrance
materials. A few materials have been assessed for carcinogenic activity.

Musk xylene and musk tibetene were found to have carcinogenic activity in animal studies, more
than likely by a non-genotoxic mechanism.lxxvii Musk ketone is thought to increase the
carcinogenic activity of other materials.lxxviii When human breast cancer cells were exposed to
synthetic musk compounds, there was an increased growth rate from exposures to musk ketone,
musk xylene, metabolites of musk xylene, and the polycyclic musk known as AHTN.lxxix

In National Toxicology Program studies, coumarin was found to increase the incidence of tumors
of the lungs and kidneys. It is not known whether the mechanisms involved are specific to the
species of animals tested (rodents) or if the findings are applicable to humans. Coumarin was
also found to negatively impact the kidneys, the liver, and the stomach.lxxx Methyleugenol was
found to increase the incidence of tumors in the liver, stomach, mammary glands, and other
sites.lxxxi Safrole is classed as a NTP anticipated human carcinogen.lxxxii

Most fragrance materials have not been assessed for carcinogenic activity. The lack of available
data is a concern as there is widespread exposure from scented products to every segment of the
population. The information that is available is troubling. The presence of synthetic musk
compounds in adipose tissue and breast milk indicates it is present in breast tissue. There is
evidence that synthetic musk compounds may increase carcinogenic effects of other materials,
are suspected carcinogens, and have estrogenic activity. Traditionally women have been heavier
users of scented products from perfumes to toiletries, to household cleaners and laundry
products. That these products contain chemicals that have estrogenic effects and carcinogenic
activity should raise concerns related to reproductive issues and breast cancer. Additional
research is needed.

Social Considerations

The social issues regarding fragrance are complex. Scented products are usually considered
pleasant. People generally feel they have a right to use what ever products they like on their
person. Certainly scented products are not seen as harmful.

In addition the physiology of the sense of smell complicates matter. There is adaptation to odors.
When exposed to the same odor for a relatively short period of time, the ability to smell that odor
decreases. This means that those that are around or use scented products are often not aware of
their presence.

This has several implications. Manufactures tend to use more intense and long lasting scent so
their products will stand out from the background of fragrance that is always in the air. Those
that use scented products often use more or reapply frequently and are completely oblivious their
fragrance is intrusive. When there are complaints related to use of scented products, the response
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is often one of surprise and resentment. There is often a conflict between those that feel they
have a right to wear and use scented products and those that have adverse effects from them.

A parallel is often drawn between second hand smoke and second hand fragrance. In the case of
cigarettes, the personal right to smoke is forfeited due to the rights of others not to be exposed to
materials that may be harmful to their health. Logically, a case can be made for the fragrance
issue as well. However, there are some important differences. A smoker can refrain from
smoking in public spaces, scented products continue to volatilize long after they are applied.
There is considerably more data and awareness regarding the dangers of second hand smoke.
Because of this laws and policies are now in place regarding smoking.

Due to the difficulty in avoiding scented products, those that have adverse effects from
exposures to scented products often find it difficult to function in the workplace and in social
environments. Even grocery shopping and seeking medical care becomes complicated. Very
often it is a case of choosing between working and health.

There are many complex issues regarding fragrance. These issues need to be assessed and
reasonable solutions worked out. Research is needed to provide data so policies can be based on
sound science. Education is needed to increase awareness of concerns.

CONCLUSION

The materials used to scent products are volatile organic compounds. Some of each scented
product used by each person ends up in the air. Additional sources are cleaners, products
designed to scent the air such as candles and scented oils, and laundry products. Collective these
products significantly impact indoor air quality. The materials used in fragrance have both
known and unknown health concerns. Fragrance formulas are complex and the components may
be broken down by air, heat, and light. By design, they diffuse into the air and linger for long
periods of time.

Though there has been little research on the impact of airborne fragrance chemicals on health,
the lungs provide an efficient means of entry of materials into the body. Once a material enters
the body, there is potential for impact on any tissue, organ, or body system. Systemic effects
need to be considered. Other than acute dermal and oral toxicity, testing for systemic effects is
not generally a part of the routine assessment for safety of fragrance chemicals. There is limited
data available regarding systemic effects.

Some substances that enter the body are broken down and eliminated from the body fairly
rapidly. Other materials may be eliminated much slower and even accumulate in body tissues.
Materials that are soluble in fat are more likely to accumulate in fatty tissue of the body.
Chemicals used in fragrance are generally fat soluble. Synthetic musk compounds pose concerns
related to bioaccumulation in the body and the potential for carcinogenic activity and as a
hormone disruptor needs to be evaluated.
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The materials in fragrance are respiratory and sensory irritants. Those with asthma, allergies, and
other upper and lower respiratory problems are especially susceptible to the effects.  More
research is needed to pinpoint problematic materials and determine how scented products trigger
and exacerbated asthma and other disorders.

Exposure to the chemicals that are used in fragrance is ubiquitous. Virtually every segment of the
population has a lifetime of exposure starting before birth. A through assessment of the impact of
scented products on health is needed. As with other indoor air pollutant, it is prudent to decrease
exposures.
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